Abstract. This paper analyzed the distributions and transfer processes of Cd, As, Cr, Pb, HCH, Hg and PHC in Jiaozhou Bay 1981. In according to the contents, horizontal and vertical distributions, and seasonal distributions of these pollutants, their water quality conditions, pollution sources, as well as the transfer processes were revealed. Furthermore, the atmosphere transfer process, land transfer process and waters transfer process of these pollutants were proposed and applied in the understanding of their transferring in waters. The aim of this paper was to provide all-dimensional, multi-angle, and comprehensive enlightenment to the environmental research in Jiaozhou Bay.
Introduction
With the rapid development of economic, both industry and agriculture are also increasing rapidly, so as their production and consumption. Hence, the environments of land, atmosphere and waters have long been suffering from various pollutants. Cd, As, Pb, HCH, Hg and PHC are among the critical environmental pollutants due to the features of degradation-resistant, persistent in the environment, and toxic to human and ecosystem, etc. Hence, understanding the existence situation and transfer law of these pollutants is essential to the research on their transfer process in waters .
from the aspects of contents, horizontal and vertical distributions, and seasonal distributions [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In addition to reveal the environmental conditions of Jiaozhou Bay 1981, the objects of this paper was to provide theoretical basis for pollution prevention and control.
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Results
Cd contents in Jiaozhou Bay waters in 1981 were lower than the guide line of Category I for Cd (1.0 μg L -1 ) in National Standard of China for Seawater Quality (GB3097-1997), indicated that this bay Jiaozhou Bay had not been contaminated by Cd in 1981. There were two major source of Cd in Jiaozhou Bay, one was atmosphere deposition, whose source strength was 0.00-0.55 μg L -1 , another was runoff, whose source strength was 0.00-0.40 μg L -1 . However, the source strengths of these two sources were very low in autumn.
As contents in Jiaozhou Bay surface waters and bottom waters in 1981 were 1.00-2.70 μg L -1 and 1.00-2.40 μg L -1 , respectively, both of which were more lower than Category I for As (20.0 μg L -1 )
in National Standard of China for Seawater Quality (GB3097-1997), indicated that this bay Jiaozhou Bay had not been contaminated by As in 1981. As in this bay was mainly sourced from runoff, whose source strength was lower than 2.70 μg L -1 , the reason was that the soil, air and waters in Jiaozhou Bay Region had not been polluted by As in study year. As contents in surface and bottom waters were closed in the aquatic transfer process. As contents in surface waters were higher in summer than in spring, while for bottom waters were closed.
Cr contents ranged from 0. There were some high value regions for Pb contents, such as coastal areas in the southwest, center waters in the northeast, coastal areas of the top of the islands, and the river mouth of Haibo River. It could be found that stream flow, overland runoff and atmosphere deposition were the major sources of Pb in Jiaozhou Bay. In according to the horizontal, vertical and seasonal distributions, we found that the sink of Pb in Jiaozhou Bay was the bottom waters in the bay mouth, in where Pb contents were increasing. The transfer process of Pb was that, Pb contents was continuously decreasing with time, as Pb was discharged into surface, and then to water body, and finally to the bottom.
For temporal scale, HCH contents in both surface waters and bottom waters were higher in summer than in spring. The seasonal distribution of HCH showed that HCH contents were relative high in summer yet were relative low in spring. For spatial scale, HCH contents were relative high in river mouths of Haibo River, Licun River and Loushan River, indicated that HCH were mainly from non-point source. For vertical distributions, it was found that the higher HCH contents in surface water the higher HCH contents in bottom waters. The reason was the sedimentation of HCH.
Hg contents in in spring, summer, and autumn ranged from 0.028-2.086 μg
and 0.002-0.017 μg L -1 , respectively. In spring, Hg in Jiaozhou Bay was mainly sourced from the overland runoff coast in the east, yet the sources of Hg in summer and autumn were neglect-able. For seasonal distributions, Hg contents were in order of spring > summer > autumn. From the point of view of pollution control, it was necessary to control the emission of Hg in spring.
In comparison with the other pollutants, PHC contents were showing significant seasonal and spatial variations in 1981. In according to National Standard of China for Seawater Quality (GB3097-1997), PHC contents in Jiaozhou Bay were confirmed to Grade II, III, IV and worse than IV. The horizontal distribution of PHC showed that PHC contents were relative high in estuaries of the major inflow rivers such as Haibo River, Licun River, Loushan River, as well as Dagu River, indicated river flows were major input channels of PHC. Meanwhile, PHC contents were decreasing from the estuaries along with the flow direction. For seasonal distribution, PHC contents were relatively high in spring and summer, yet were relative low in autumn. In case of high PHC contents in waters, the distributions of PHC in surface and bottom waters were consistent, due to the sedimentation of PHC. While for low PHC contents in waters, the distributions of PHC in surface and bottom waters were inverse, because PHC was settling and accumulating in bottom waters with time and increasing in autumn, yet PHC content in surface waters in autumn was little and decreasing.
Discussion
The contents the study pollutants were showing their pollution levels in 1981. For Cd, As and Cr, their contents in the whole year were all confirmed to the guide line of Grade I in National Standard
International Forum on Energy, Environment Science and Materials (IFEESM 2015) of China for Seawater Quality (GB3097-1997). The pollution level of Pb was confirmed to Grade II. Hg contents in spring were belong to Grade III, for summer and autumn were Grade I. HCH contents in most areas were confirmed to Grade I, yet in the estuaries were ranged from Grade II to III. PHC contents were confirmed to Grade II, III, IV and worse than IV. In general, the pollution level of the pollutants could be sorted as Cd＜As<Cr＜Pb＜Hg＜HCH＜Hg<PHC.
The sources of different pollutants were also different. There were two major source of Cd in Jiaozhou Bay, one was atmosphere deposition, another one was runoff. However, the source strengths of these two sources were very low in autumn. As and Cr were both mainly sourced from runoff, whose source strength was very weak. HCH contents were relative high in river mouths of Haibo River, Licun River and Loushan River, indicated that HCH were mainly from non-point source. Stream flow, overland runoff and atmosphere deposition were the major sources of Pb, and the source strength of atmosphere deposition was relative strong. Hg was mainly sourced from the overland runoff coast in the east, yet the sources of Hg in summer and autumn were neglect-able. PHC contents were relative high in estuaries of the major inflow rivers such as Haibo River, Licun River, Loushan River, as well as Dagu River, indicated river flows were major input channels of PHC.
In according to the contents and the major pollution sources of Cd, As, Cr, Pb, HCH, Hg, and PHC, it could be found that the influences of human activities on the environmental condition of Jiaozhou Bay were showing seasonal variations. Taking Cd, As, Cr, Pb, HCH, Hg, and PHC as substances. Based on their temporal, horizontal and vertical distributions, their transfer processes could be further defined as atmosphere transfer process, land transfer process and aquatic transfer process. The atmosphere transfer could be divided in three stages as 1) the substances were discharged to the air, 2) the substances were delivered over the sea waters, and 3) the substances were depositing to sea waters. For instance, atmosphere deposition was the major source of Cd and Pb in study area. The land transfer could also be divided in three stages as 1) the substances were discharged to the land and land waters, 2) the substances were delivered to the major streams, and 3) the substances were delivered to the sea waters by the major streams. For instance, the major inflow rivers such as Haibo River, Licum River and Loushan River were the major input channels of the pollutants to the bay. The aquatic transfer could also be divided in three stages as 1) the substances were delivered to the sea waters by various pollution sources, 2) the substances were delivered to the surface waters in the bay, and 3) the substances were transferring to the sea bottom by sedimentation. For instance, the major inflow rivers such as Haibo River, Licum River and Loushan River were the major input channels of the pollutants to the bay.
Along with the increasing of the reproduction of marine organism in spring, the biomass is also increasing rapidly, both the reproduction and biomass are reaching the climax in summer [25] , and a large amount of colloid are generating. Hence, the adsorption capacity of the suspended particulate matter is enhancing, and the sedimentation of the substances is also enhancing. However, the sedimentation of the substances is decreasing in autumn due to the decreasing of temperature. In generally, the spatial-temporal distributions of the substances were determined by pollution sources, water exchange and sedimentation.
Conclusions
In according to the contents, horizontal and vertical distributions, and seasonal distributions of Cd, As, Cr, Pb, HCH, Hg and PHC in Jiaozhou Bay 1981, we found that Cd, As and Cr, were confirmed to Grade I in National Standard of China for Seawater Quality (GB3097-1997), Pb was confirmed to Grade II, Hg was belong to Grade I to III, HCH in most areas confirmed to Grade I, yet in the estuaries were ranged from Grade II to III. PHC contents were confirmed to Grade II, III, IV and worse than IV. In general, the pollution level of the pollutants could be sorted as Cd＜As<Cr＜Pb
＜Hg＜HCH＜Hg<PHC.
The sources of different pollutants were also different. Atmosphere deposition and runoff were two major source of Cd. As and Cr were both mainly sourced from runoff. HCH and PHC were mainly from non-point source by stream flow. Stream flow, overland runoff and atmosphere deposition were major sources of Pb. Hg was mainly sourced from the overland runoff coast in the east. In according to the contents and the major pollution sources of these pollutants, it could be found that the influences of human activities on the environmental condition were showing seasonal variations.
Based on the temporal, horizonal and vertical distributions of the substances, and transfer processes could be further defined as atmosphere transfer process, land transfer process and aquatic transfer process. In according to these transfer processes, we could provide all-dimensional, multi-angle, and comprehensive enlightenment to the environmental research in Jiaozhou Bay.
